Ins(1,3,4,5)P4 induced a rapid sequestration of Ca2" into both secretory vesicles and microsomes of bovine adrenal medulla. The Ca2"-sequestering role of Ins(1,3,4,5)P4 contrasts with the Ca2+-releasing role of Ins(1,4,5)P3 in adrenalmedullary secretory vesicles and microsomes. The Ins(1,3,4,5)P4-induced Ca2+ sequestration into secretory vesicles was not inhibited by heparin (50 ,ig/ml), whereas Ins(1,4,5)P3-induced Ca2+ release was completely inhibited, indicating two different receptors for Ins(1,4,5)P3 and Ins(1,3,4,5)P4. Furthermore, Ins(1,3,4,5)P4 was as effective at 4°C as at 24°C in sequestering Ca2+ into secretory vesicles, implying Ca2+ sequestration through receptor-operated Ca2+ channels or activation of the Ca2+-exchange mechanism by Ins(1,3,4,5)P4. The Ca2+-sequestering activity of Ins(1,3,4,5)P4 has also been demonstrated with 45Ca2+; 10 ,M-Ins(l,3,4,5)P4 induced rapid uptake of 45Ca2+ into secretory vesicles optimized for Ca2+ uptake, whereas 10 #uM-Ins(l,4,5)P3 induced 45Ca2+ release from secretory vesicles in similar experiments.
INTRODUCTION
Ins (1, 4, 5) P3 has been shown to induce Ca2+ release from intracellular stores in various cell lines [1] . Subsequent studies on the metabolic processing of Ins (1, 4, 5) P3 showed the existence of various Ins(1,4,5)P3 metabolites with potentially important functions [2] . Among these metabolites, Ins(1,3,4,5)P4 has drawn a great deal of attention as a potential regulator of cytosolic Ca2+ concentration ([Ca2+]1) [2] [3] [4] . Ins (1, 3, 4, 5) P4 is formed very rapidly after agonist stimulation of animal tissues [5] [6] [7] [7] .
Owing to the rapid appearance of Ins(1,3,4,5)P4 and changes in [Ca2+]1, there has been considerable effort to find the potential role of Ins (1, 3, 4, 5) P4 in regulating [Ca2+] i. However, the exact role of Ins (1, 3, 4, 5) P4 in cellular Ca2' homoeostasis is yet to be determined. Suggested roles of Ins (1, 3, 4, 5) P4 include: (1) regulation of Ca2+ influx from outside the cell into an Ins(1,4,5)P3-sensitive Ca2+ pool [8] ; (2) release of intracellular Ca2+ [4, 9, 10] ; (3) control of Ca2+ transfer between intracellular pools [11, 12] ; and (4) sequestration of Ca2+ [13] .
Recently we discovered that Ins(1,4,5)P3 at 10 /tM induced release of 3.5-4.0 nmol of Ca2+/mg of protein from secretory vesicles of adrenal medulla [14] . The Ins(1,4,5)P3-sensitive pools were refilled within 3 min, after which they were ready to be released again in response to a second addition of Ins(1,4,5)P3.
The same amount of Ins(1,4,5)P3 released 1.5 24 'C. The extent of Ca2+ sequestration at 4 'C even appeared to be slightly more pronounced than that at 24 'C.
Ins(1,3,4,5)Pl also induced Ca2+ uptake into adrenal-medullary microsomes, which have been shown to release Ca2+ in response to Ins(1,4,5)P3 (Fig. 4) Fig. 6(a), Ins(1,3,4 45Ca21 from the medium, despite the high intravesicular Ca2" concentration, confirming the Ca2+-selective-electrode data. Ca2+ uptake into the secretory vesicles against a concentration gradient has also been observed with A23187 under similar conditions to Fig. 6(a) while Ins(1,4,5)P3 mediated Ca2+ release (Fig. 6b) .
Although the secretory vesicles contain large amounts of Ca2+, almost all (more than 99.9 %) of the Ca2+ stays bound to the intravesicular matrix, including chromogranin A [15] [14] , thereby allowing us to study specific effects of various inositol phosphates on the Ca2+ flux of intracellular store directly.
In the present system a strict stereospecific requirement has clearly been demonstrated by the contrasting effects of Ins-(1,3,4,5)P4 and Ins(1,4,5,6)P4 (Fig. 1 The transient nature of Ins(l,3,4,5)P4-induced Ca2+ influx, i.e. a rapid uptake followed by a slow return to the pre-uptake level, in the low-Ca2+ media implies that Ins(1,3,4,5)P4 opens Ca2+ channels. Furthermore, the effect of Ins(1,3,4,5)P4 on sequestration of Ca2+ into vesicles was not affected by temperature, and was as effective at 4°C as at 24°C (Fig. 3) , implying either that Ins(1,3,4,5)P4 sequesters Ca2+ through receptor-operated Ca2+ channels or that Ins(1,3,4,5)P4 activates some sort of Ca2+-exchange mechanism, analogous to that for A23187. However, unlike A23187-mediated Ca2+/H+ exchange, Ins(1,3,4,5)P4 did not mediate Ca2+/H+ exchange in the vesicles (results not shown). In light of the fact that there is a very active Na+/Ca2' exchange mechanism in the secretory vesicles of chromaffin cells [20] [21] [22] Recently Ely et al. [9] 
